
Inferential 
Statistics



Hypotheses

A hypothesis is a tentative statement about 
the relationship between two or more 
variables.



Formulating a Hypothesis

Step 1. Ask a Question

Start with a research question that you want 
to answer. 

This question should be focused, specific, and 
researchable within the constraints of your 
project.



Formulating a Hypothesis

Step 2. Do Preliminary Research

Conduct some initial research to understand 
what is already known about the topic. 

This helps you form educated assumptions 
about what your research will find.



Formulating a Hypothesis

Step 3. Define Variable

Identify the independent and dependent 
variables in your study. 

The independent variable is what you change 
or control, while the dependent variable is 
what you observe and measure.



Formulating a Hypothesis

Step 4. Formulate the Hypothesis

Write your initial answer to the research 
question in a clear, concise sentence. 

This hypothesis should be specific, testable, 
and based on existing theories and 
knowledge.



Testing the Hypothesis

Step 1. State your Hypotheses

Formulate your research hypothesis as a null 
hypothesis (H₀) and an alternate hypothesis 
(H₁). 

The null hypothesis predicts no relationship 
between variables, while the alternate 
hypothesis predicts a relationship.



Testing the Hypothesis

Example: 

You want to test whether there is a relationship 
between gender and height. 

Based on your knowledge of human physiology, 
you formulate a hypothesis that men are, on 
average, taller than women. 

To test this hypothesis, you restate it as:

•H0: Men are, on average, not taller than women.

•Ha: Men are, on average, taller than women.



Testing the Hypothesis

Step 2. Collect Data

Gather data through experiments, surveys, or 
other research methods. Ensure that your 
data collection methods are reliable and 
valid.



Testing the Hypothesis

Step 3. Perform a Statistical Test

Use appropriate statistical tests to analyse 
your data. 

Common tests include t-tests, ANOVA, 
regression analysis, and chi-square tests. 

The choice of test depends on the type of data 
and the research question.



Statistical Tests

The t-test is one of the simplest 
statistical techniques that is used to 
evaluate whether there is a statistical 
difference between the means from up 
to two different samples. 

The t-test is especially useful when you 
have a small number of sample 
observations (under 30 or so), and you 
want to make conclusions about the 
larger population.



Statistical Tests

Example:

You want to know whether the mean 
petal length of two flowers differs. You 
measure 25 petals of each.

The null hypothesis (H0) is that the true 
difference between these group means 
is zero.

The alternate hypothesis (Ha) is that the 
true difference is different from zero.



When to use a t-
test?
The t-test assumes your data:

• are independent

• are (approximately) normally 
distributed

• have a similar amount of variance 
within each group being compared



One-tailed or two 
tailed? 
If you only care whether the two 
populations are different from one 
another, perform a two-tailed t test.

If you want to know whether one 
population mean is greater than or less 
than the other, perform a one-
tailed t test.



Statistical Tests

One Sample T-Test

You run a test to see if the average of your 
population is significantly different from a 
certain number or value.

Appropriate to use when you’ve collected a 
small, random sample from some statistical 
“population” and want to compare the mean 
from your sample to another value. 

The value for comparison could be a fixed 
value (e.g., 10) or the mean of a second 
sample.



Statistical Tests



One Sample T-Test

• 𝑥̅𝑥 - Sample Mean

• μ – Reference Value

• s – Standard Deviation

• n – Number of samples

t =
�x − μ

s
n



One Sample T-Test

A company wants to test the claim that 
their batteries last more than 40 hours. 

Using a simple random sample of 15 
batteries yielded a mean of 44.9 hours, 
with a standard deviation of 8.9 hours. 

Test this claim using a significance level of 
0.05.



One Sample T-Test
Null Hypothesis (H0):

The mean battery life is less than or equal 
to 40 hours.

𝐻𝐻0: 𝜇𝜇 ≤ 40

Alternative Hypothesis (Ha):

The mean battery life is greater than 40 
hours.

𝐻𝐻𝑎𝑎: 𝜇𝜇 > 40



One Sample T-Test

t =
�x − μ

s
n

=
44.9 − 40

8.9
15

t = 2.13



One Sample T-Test

df=n-1

df=15-1=14

Df = Degrees of Freedom

n = Sample Size



Statistical Tests

Independent Samples T-Test

You run a test to see if the average of your 
population is significantly different from the 
average of a second population. 



Statistical Tests



Independent Samples T-Test

• 𝑥̅𝑥1- Sample 1 Mean

• 𝑥̅𝑥2- Sample 2 Mean

• s1 – Standard Deviation Sample 1

• s2 – Standard Deviation Sample 2

• n1 – Number of samples 1

• n1 – Number of samples 2

𝑡𝑡 =
𝑥̅𝑥2 − 𝑥̅𝑥1

𝑠𝑠12
𝑛𝑛1

+ 𝑠𝑠22
𝑛𝑛2



Independent Samples 
T-Test
A PT wants to compare the amount of 
weight loss at their gym using two popular 
non-overlapping weight-loss programs. 

Shred it and Burn It. They randomly 
sample people using each program and 
tracks their weight loss. 

The PT wants to determine if the weight 
losses are significantly different. 

Shred It Burn It
Mean 10kg 7kg
Standard 
Deviation

3.5kg 5.7kg

Number of 
People

35 35



Independent Samples 
T-Test
Null Hypothesis (H0):

There is no significant difference in the 
mean weight loss between the two 
programs. 

𝐻𝐻𝑜𝑜:𝜇𝜇1 = 𝜇𝜇2

Alternative Hypothesis (Ha):

There is a significant difference in the mean 
weight loss between the two program

𝐻𝐻𝑎𝑎:𝜇𝜇1 ≠ 𝜇𝜇2

Shred It Burn It
Mean 10kg 7kg
Standard 
Deviation

3.5kg 5.7kg

Number of 
People

35 35



Independent Samples 
T-Test

Shred It Burn It
Mean 10kg 7kg
Standard 
Deviation

3.5kg 5.7kg

Number of 
People

35 35

𝑡𝑡 =
𝑥̅𝑥2 − 𝑥̅𝑥1

𝑠𝑠12
𝑛𝑛1

+ 𝑠𝑠22
𝑛𝑛2

=
10 − 7

3.52
35 + 5.72

35

𝑡𝑡 = 2.653



Independent Samples 
T-Test

df=n1+n2-2

df=35+35-2=68

Df = Degrees of Freedom

n1 = Sample 1 Size

n2 = Sample 2 Size



Statistical Tests

Paired Samples T-Test

If the groups come from a single population 
(e.g., measuring before and after an 
experimental treatment), perform 
a paired t test



Statistical Tests



Paired Samples T-Test

• 𝑥̅𝑥𝑑𝑑- Mean Sample Difference

• s – Standard Deviation

• n – Number of Samplest =
�xd − 0

s
n



Paired Samples T-
Test
A construction company has introduced a 
H&S training scheme, they want to see if 
this has reduced the number of incidents 
on sites. 

No of 
Incident 
Before

No of 
Incidents 
After

Difference

Site 1 10 7 3
Site 2 4 4 0
Site 3 8 9 -1
Site 4 6 4 2
Site 5 12 9 3
Site 6 5 4 1



Paired Samples T-
Test

No of 
Incident 
Before

No of 
Incidents 
After

Difference

Site 1 10 7 3
Site 2 4 4 0
Site 3 8 9 -1
Site 4 6 4 2
Site 5 12 9 3
Site 6 5 4 1

Null Hypothesis (H0):

The H&S training has not reduced the 
number of incidents. 

𝐻𝐻𝑜𝑜:𝜇𝜇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ≥ 𝜇𝜇𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

Alternative Hypothesis (Ha):

The H&S training has reduced the number 
of incidents. 

𝐻𝐻𝑎𝑎:𝜇𝜇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 < 𝜇𝜇𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏



Paired Samples T-
Test

No of 
Incident 
Before

No of 
Incidents 
After

Difference

Site 1 10 7 3
Site 2 4 4 0
Site 3 8 9 -1
Site 4 6 4 2
Site 5 12 9 3
Site 6 5 4 1

t =
�xd − 0

s
n

=
1.333
1.633

6
t = 1.995



Paired Samples T-
Test

df=n-1

df=6-1=5

Df = Degrees of Freedom

n = Sample Size
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